STUDY ON THE MECHANISM OF SUBINHIBITORY CONCENTRATION
CINNAMALDEHYDE INHIBIT THE BIOFILM FORMATION OF LISTERIA
MONOCYTOGENES

Huixuan Yang', Xin Luo', Pengcheng Dong', Yunge Liu"", Yimin Zhang'
College of Food Science and Engineering, Shandong Agricultural University, Taian, China

*Corresponding author email: liuyunge@sdau.edu.cn

l. INTRODUCTION

Listeria monocytogenes (Lm) is a foodborne pathogen of global relevance, and the listeriosis caused
is often associated with consumption of contaminated food, especially meat products. More importantly,
it can form difficult-to-remove biofilms on various food processing surfaces. With the emergence of
green and safe consumerism, natural plant-derived biofilm inhibitors are therefore in the spotlight. In
our previous research, we found that cinnamaldehyde (CA) significantly inhibited Lm biofilm formation
[1], however, the underlying inhibitory mechanism are still unclear. Therefore, the objective of this
study was to explore the inhibitory effect of CA at sub-minimum inhibitory concentration (sub-MIC) on
Lm in different biofilm-forming stages, while the metabolic activity, cellular microstructure and
distribution of live/dead bacteria within the biofilm were detected.

Il. MATERIALS AND METHODS

The MIC of CA was determined to be 320 ug/mL by the microbroth dilution method in this study, and
1/4MIC was used to inhibit the biofilm. The working strain, Lm CMCC 54004, was activated with LB
broth. Sample preparation: 96-well plate (for biofilm metabolic activity determination), 48-well plate
(place 10*10*1mm polystyrene sheets horizontally for scanning electron microscopy (SEM)),
polystyrene cell culture dish (35 mmx10 mm) (for confocal laser scanning microscope (CLSM)) and 6-
well plate (for crystal violet staining (CVS)) were added to equal volumes of bacterial and CA solutions,
so that the final system was 200 pL, 1 mL, 2 mL and 4 mL respectively; and the concentrations of Lm
and CA in the above system were uniformly adjusted to 5 log CFU/mL and 1/4 MIC. All samples were
cultured at 25°C and sampled at 0, 12, 24, 36, 48, 72 and 96 h. The CVS and biofilm metabolic activity
assay refers to previous study [1]. The polystyrene sheet was processed by critical point drying method
and the sample was scanned by SU8020 SEM with a magnification of 5000x. Syto 9 (green light) and
propidium iodide (red light) were used to label live/dead bacteria, respectively, and imaged under the
CLSM LSM 880 20X objective lens. The general linear method in SPSS 26.0 was used to conduct
two-way ANOVA on CVS and biofilm metabolic activity. The effects were compared by LSD method
and the differences were considered significant when p < 0.05.

Il RESULTS AND DISCUSSION

Quantification of biofilm formation by CVS found that the Lm biofilm began to grow significantly after
24 h, and reached the maximum at 48 h, entering the biofilm mature stage (Fig.1A). After 72 h, the
number of biofilms decreased significantly and gradually dissipated. The trend of biofilm metabolic
activity is consistent with the amount of biofilm formation, and biofilm cells showed higher metabolic
activity in the mature stage (Fig.1B). SEM and CLSM observations also found that there were denser
extracellular polymer structures (EPS) and more living cells in the biofilm at 48 h (Fig.2). However,
after sub-MIC CA (1/4 MIC) treatment, it was found that the amount of Lm biofilm was significantly
reduced, and the maximum amount of biofilm formation was reduced by 76.9% compared with the
control group, and this stage was delayed to 72 h (Fig.1A). This inhibitory effect is likely to be related
to the significant reduction in the metabolic activity of the cells in the biofilm, and the trend of the
metabolic activity of the cells in the biofilm after CA treatment is also consistent with the amount of



biofilm formation (Fig.1B). The formation of EPS is an important metabolic activity of cells in biofilms
[2]. With the reduction of metabolic activity, the production of EPS was observed in the cells in the
biofilm until 72 h, and only a sparse layer of adherent cells was formed, in which the number of viable
bacteria were significantly reduced (Fig.2).
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Figure 1. Effects of cinnamaldehyde on the formation of Lm CMCC 54004 biofilm (A) and the metabolic
activity of cells in the biofilm (B) within 4 days. a-e indicates that there is a significant difference at different
time points under the same treatment (p < 0.05), and x-y indicates that there is a significant difference
between different treatments at the same time point (p < 0.05).
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Figure 2. Scanning electron microscopy and confocal laser scanning microscopy were used to reveal the
biofilm of Lm CMCC 54004 formed in the presence of cinnamaldehyde within 4 days.

V. CONCLUSION

This study demonstrates that sub-MIC CA is a potential Lm biofilm inhibitor, which can be applied in
the food industry. During the biofilm growth phase, CA can reduce biofilm formation and the adherent
living cells in it by decreasing the metabolic activity of biofilm cells and preventing the creation of EPS.
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